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带电悬浮粒子胶体晶体的固定化
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Abstract： We immobilized colloidal crystals of charged particles in a poly (acrylamide) matrix by photoinduced
polymerization. A reflection spectrum and Kossel鄄line diffraction were employed to trace and compare changes in the
colloidal crystal structure before and after immobilization processing. Our experiments showed that immobilized
colloidal crystals successfully retained the structure of colloidal crystals unless the sizes and the lattice spacings of the
immobilized colloidal crystals decreased slightly. By observing the structure of immobilized crystals in Milli鄄Q water
we confirmed that the lattice spacings of the crystals varied for several days initially during immobilization because of
gel swelling or de鄄swelling. After reaching a balance (2-5 d), the immobilized colloidal crystals are found to be stable
in Milli鄄Q water. Our study thus explores potential applications of colloidal crystals such as their use in photonic
materials.
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1+资a蓸 蔀 exp(-资r)r (1)
其中, V(r)是粒子间的相互作用势能, Z*是胶体颗粒
的有效表面电荷, e为电子电荷, a为胶体颗粒的半


































































酸钠微球 PS鄄120 和 PS鄄177, 采用无皂乳液聚合方
法[33]制备.微球的直径和多分散指数由动态光散射
测得,其中 PS鄄120和 PS鄄177的直径、多分散指数分
别为 120.0 nm、0.035 和 177.6 nm、0.046. 其表面电
荷密度由电导滴定测得, 分别为 14.2 滋C·cm-2(PS鄄
























基苯乙酮(DEAP),最大吸收峰 姿m在 242和 325 nm,
DEAP吸收光能后的主要裂解方式如 Scheme 2所示.




在本研究中 , 我们将单体丙烯酰胺(分析纯 ,
Sigma) 0.7 mol·L-1,交联剂亚甲基双丙烯酰胺(分析
纯, Sigma) 8 mmol·L-1,与制备的带电聚苯乙烯微球
Scheme 1 Photoinitiated copolymerization of acrylamide with N,N忆鄄methylene鄄bis鄄acrylamide





色,通入氩气 10 min, 尽量排除溶解在悬浮液中的
氧气和二氧化碳,然后再加入光引发剂 2,2忆鄄二乙氧
基苯乙酮(纯度 98%, Alfa Aesar)1 mmol·L-1.用一次
性针管(为了与树脂分离)吸取配制好的聚苯乙烯混




封效果的聚四氟乙烯模具中压紧. 静置 10-20 min
后, 用高压紫外灯(高压汞灯, 400 W, 365 nm, 北京












行反射光谱的测量, 并搭建了 Kossel 装置来研究
Kossel 衍射图样 , Kossel 装置使用的激光波长为

















姿l蓸 蔀 -1 (5)
图 1 固定化的胶体晶体照片(a, b, c)及其相应的显微放大图像(a忆, b忆, c忆)
Fig.1 Pictures of the immobilized colloidal crystals (a, b, c) and the corresponding microscopic images (a忆, b忆, c忆)
w(PS鄄120): a, a忆) 4%, b, b忆) 5%, c, c忆) 6%
图 2 胶体晶体对可见光的布拉格衍射示意图
Fig.2 Schematic diagram of Bragg diffraction of
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图 3 Kossel环成像装置示意图
Fig.3 Schematic diagram of experimental apparatus
for the Kossel diffraction
























这里 n为胶体晶体的折射率, 姿为入射光的波长, 琢hkl
为 Kossel圆锥体的半顶角, la为晶体的晶格常数.
在石英样品池中,胶体的最密堆积面沿着平行













射. 本实验使用的激光波长为 532 nm, 样品的浓度

















图 4 胶体晶体固定化前(a)和平衡后(b)的 Kossel衍射图样及堆无序结构衍射示意图(c)
Fig.4 Kossel diffraction images of colloidal crystals in suspension (a) and immobilized colloidal crystals after









1), 可以看出晶体的尺寸由固定化前的约 11.9 滋m


































Fig.5 Shift of reflection spectra before (a) and after
(b) the immobilization
表 1 胶体晶体固定化前后晶体参数的变化
Table 1 Change of parameters of colloidal crystals
before and after the immobilization
Sample 姿p/nm d/nm L/滋m
colloidal crystal in suspension 554.77 255.19 11.9
immobilized colloidal crystals 531.41 244.44 8.4
姿p: peak wavelenghth; d: lattice spacing; L: colloidal crystals size
图 7 胶体晶体固定化前后衍射峰的波长随时间的变化
Fig.7 Dependence of reflectance peak wavelength




Fig.6 Reflection spectra of immobilized colloidal
crystals at different time in Milli鄄Q water
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